Abstract I summarize recent results from spectroscopic Spitzer studies of the evolution of (ultra-)luminous infrared galaxies, mainly from the QUEST and GOALS programmes. First, the mid-IR diagnostic toolbox is briefly introduced, with an emphasis on new insights on the calibration of zero points and bolometric corrections of these methods. Then various applications at low and high redshift are summarized, such as the AGN fraction in ULIRGs along a merger sequence, the star formation in QSO hosts, and the role of AGN at low and high z. These results illustrate some of the SPICA key science cases in the context of mid-IR spectroscopy of dusty galaxies at high redshifts.
Introduction
Infrared bright Galaxies, such as (Ultra-)Luminous Infrared Galaxies (ULIRGs and LIRGs), with their huge infrared luminosities, correspond to an extremely active phase of dust enshrouded star formation and/or AGN activity. They become an increasingly significant population at high redshift, representing an important phase in the buildup of massive galaxy bulges and in the growth of their central super-massive black holes. To understand these processes, it is essential to separate the relative contributions of AGN and starburst activity to the infrared luminosity of LIRGs and ULIRGs.
The Spitzer Space Observatory has provided extremely valuable new insights into the evolution of dusty, infrared bright galaxies. A large number of spectra made it possible to fine tune and calibrate the infrared spectral toolbox, and to apply these methods in many different ways. These studies were limited though to the local universe or were restricted to PAH and continuum diagnostics only at higher redhifts out to z≈3. It will be up to SPICA and its mid-and far-infrared spectrometers (MIRACLE and SA-FARI) to carry out similar studies using the full mid-IR toolbox at redshifts around the peak of cosmic star formation and black hole evolution, in a consistent way and in much larger numbers. In the following section I will illustrate with a few examples how ISO and Spitzer paved the way to this key science case for SPICA.
Calibrating the Infrared Toolbox
Mid-IR fine structure line spectra contain tracers of low excitation gas (HII region) and high excitation gas (AGN narrow line and coronal region) as well as of partially ionized zones (AGN, shocks). Diagnostic diagrams equivalent to and extending the traditional optical ones can be used to classify and quantify activity in obscured objects , Sturm et al. 2002 , Verma et al. 2003 , Armus et al. 2007 , Veilleux et al. 2009 ). Low resolution spectra covering the 5 -40 μm range can be decomposed into three components (Laurent et al. 2000) . Starburst spectra are a mixture of a 'PDR' component dominated by the aromatic PAH emission features and a steeply rising 'HII' continuum, AGN can be identified on the basis of an additional flatter continuum. Absorption features from the strong silicate absorption to the more subtle signatures of ice and hydrocarbon absorption (Spoon et al. 2001 , Tran et al. 2001 trace extremely obscured components, either compact starbursts as in the case of Arp 220 (Spoon et al. 2004) or deeply embedded AGN.
These methods have been pioneered by ISO, and refined and expanded by Spitzer. However, the results derived from different mid-IR tools show a significant scatter. Before the various tools can be applied to quantify the contributions from starbursts and AGN to the combined light of dusty galaxies, e.g. to study their evolution, it is necessary to adjust the toolbox such that different methods give consistent results. This requires two steps: first, the zero points of the relations have to be calibrated. figure 1 can be directly applied to SPICA observations for sources at redshifts z ≥ 0.2.
V09 derive zero points and bolometric corrections for each method. They find good agreement, on average, between the 6 methods, once the zero point calibrations and bolometric corrections have been applied (figure 2). There remains, however, some scatter which can be attributed to uncertainties in the zero points, the bolometric correction, and other effects like differential extinction between different line emitting regions. The best use of this toolbox is certainly its application to galaxy samples, rather than single objects. We note in passing that the low spectral resolution diagnostics (PAH, continuum shape, color) are nicely confirmed by the more direct high resolution diagnostics.
Applications at low and high redshifts

ULIRG evolution (QUEST)
Spitzer studies of ULIRGs, like the QUEST programme, have established that ULIRGs fall in one of three distinct AGN classes: (1) objects with small extinctions and large polycyclic aromatic hydrocarbon (PAH) equivalent widths are highly starburst-dominated; (2) systems with large extinctions and modest PAH equivalent widths have larger AGN contributions, but still tend to be starburstdominated; and (3) ULIRGs with both small extinctions and small PAH equivalent widths host AGN that are at least as powerful as the starbursts. The AGN contributions in class 2 ULIRGs are more uncertain than in the other objects, and one cannot formally rule out the possibility that these objects represent a physically distinct type of ULIRGs. V09 found, when comparing the results of the AGN contribution to morphological tracers of the galaxy merger state (tidal tales, nuclear separation, etc.) and to the level of extinction (measured via the silicate absorption feature), that a morphological trend is seen along the sequence (1)-(2)-(3). Their results are in general agreement with the standard ULIRG-QSO evolution scenario and suggestive of a broad peak in extinction during the intermediate stages of merger evolution. However, the scatter in this sequence, including the presence of a significant number of AGN-dominated systems prior to coalescence and starburst-dominated but fully merged systems, implies that black hole accretion, in addition to depend- ing on the merger phase, also has a strong chaotic/random component, as in local AGNs (multiple episodes of AGN dominance during late merger processes, pre-existing AGN, stochastic processes involved in AGN feeding only loosely connected to the large-scale merger process, etc.).
QSO hosts
To investigate the link between AGN activity and star formation and the extent to which they occur simultaneously, it is important to quantify the star formation activity in QSO hosts. Such measurements are made difficult, however, by the observational problems of detecting star formation tracers in the presence of extremely powerful AGN emission. In the MIR, the contrast between the emission from possibly dust-obscured star formation and from the central AGN is favourable, and established star formation tracers are available, as shown above. Schweitzer et al. (2006) have studied a sample of PG QSOs with Spitzer, and detected tracers of the star formation (PAH, lowexcitation [Ne II]) in the host galaxies for many objects of SPICA joint European/Japanese Workshop 04001-p.2 their sample. They find strong correlations of far-infrared continuum and these starburst related quantities. They conclude that the typical QSO in their sample has at least 30% but likely most of the far-infrared luminosity arising from star formation, with a tendency for larger star formation contribution at the largest FIR luminosities. There are also correlations between AGN tracers and starburst tracers. The common scaling of AGN and starburst luminosities (and fluxes) is evidence for a starburst-AGN connection in luminous AGN. Lutz et al. 2008 expanded this study to higher redshifts. They obtained Spitzer rest-frame mid-infrared spectra of twelve z≈2 mm-bright type 1 QSOs, selected from unlensed and lensed QSO samples. On top of the AGN continuum, they detect PAH emission from luminous star formation in nine objects individually as well as in the composite spectrum for the full sample. PAH luminosity and rest frame far-infrared luminosity correlate and extend the similar correlation derived for the Schweitzer et al. sample of lower luminosity local QSOs, see figure 3 . This provides strong evidence for intense star formation in the hosts of these mm-bright QSOs, sometimes exceeding 1000 M /yr.
The role of AGN near and far (GOALS)
Studies of galaxy evolution are often performed on the basis of galaxy counts, i.e. on the number distribution of galaxies as a function of their luminosity and redshift. For 
. Relation of the PAH 7.7 μm luminosity and farinfrared continuum luminosities for the sample of high-z QSOs from Lutz et al. (2008) and for local comparison objects. PG QSOs as well as the comparison sample of starbursting
ULIRGs are from the studies of Schweitzer et al. (2006) and Netzer et al. (2007) . For lensed high-z objects, luminosities have been corrected for the magnifications. From Lutz et al. (2008) . modeling these number counts, often the so-called backward evolution approaches are invoked. These methods take the observed, present day (z = 0) luminosity function and evolve it in luminosity and/or density out to higher redshifts assuming some parametrization of the evolution (e.g. Franceschini at al. 1988; Pearson & Rowan-Robinson 1996; Xu et al. 2001; Franceschini et al. 2001; RowanRobinson 2001; Lagache et al. 2003) . The "classical" backward evolution model starts from different populations of galaxies, typically cirrus, starburst, active galactic nuclei (AGN) and ultraluminous infrared galaxies (ULIRGs), or a subset of those. Each population is assigned a spectral energy distribution (SED) and local luminosity function, and evolves independently, assuming it has a proper cosmic evolution rate.
Backward evolution models based on single SEDs or a simple SED family approach have been quite successful in fitting the number counts from the IRAS and ISO missions. The number and quality of observed constraints is increasing, however, and already the first Spitzer results have led to on-the-spot modifications (c.f. the modified SEDs adopted by Lagache et al. 2004 ) that may either genuinely represent improved knowledge, or reflect limitations of the simple assumptions made previously. Furthermore, questions gaining increased importance, like the co-existence of AGN and star-formation in infrared galaxies, cannot be addressed by this generation of models, not even in the simple sense of fitting existing data and extrapolating to new observations. The next step to be taken was the development of a backward evolution model that SPICA joint European/Japanese Workshop 04001-p.3 considers realistic spreads in far-infrared SEDs, in AGN contributions at different luminosities, and their possible evolution with redshift. Valiante et al. (2009) have started such an effort, based on Spitzer archive data of LIRGS and ULIRGs, mainly from the QUEST and GOALS programmes. GOALS, the Great Observatory All-sky LIRG Survey, is a multi-wavelength imaging and spectroscopy survey of 200 local Luminous Infrared Galaxies, combining data from NASAs Spitzer, Chandra, Hubble and GALEX observatories (see the overview paper by Armus et al. 2009 ). In order to be useful for backward modelling projects as outlined above, a local calibration of the distribution of AGN contributions at a given infrared luminosity has to span the highest luminosities down to at least the low end of the LIRG regime (10 11 L ). What is needed is a quantification of AGN content for an unbiased far-IR selected sample reaching down to 10 11 L . Historically, many of the references cited above have focussed on the ULIRG (≥ 10 12 L ) regime and even its upper end where the AGN contribution is highest, while studies at lower luminosities mostly focussed on individual interesting objects. With the GOALS project such a large sample of LIRGs became available now.
Valiante et al. found a correlation between the AGN contribution and the total far-IR luminosity of a galaxy (figure 4). This was already known for ULIRGs but had not been systematically quantified, and it had not been demonstrated for LIRGs before. It is also necessary to check if and how the relation found between AGN contribution and L T IR evolves with redshift. Previous studies already showed that, even if in the local universe ULIRGs tend to be AGN-dominated at L T IR ≥ 10 12.5 L (Lutz et al. 1998; Veilleux et al. 1999; Tran et al. 2001) , this trend does not extend to higher redshifts. For example, submillimeter galaxies that, with their typical infrared luminosity of 10 13 L , are among the most luminous objects known, are mainly starburst dominated. Mid-IR spectra in fact show that the contribution to the total luminosity due to AGN continuum is small in most of the sources observed with Spitzer IRS at high redshifts (Lutz et al. 2005a; Menendez-Delmestre et al. 2007; Valiante et al. 2007; Pope et al. 2008) . These results are consistent with X-ray observations of the same population (Alexander et al. 2005 ). Valiante et al. have confirmed now that the relation does not hold any more at high redshifts. The most luminous high redshift infrared galaxies, L T IR ≥ 10 13 L , show a small contribution from AGN, being mainly starburst powered. This result, however, is tentative and based on a very limited data set of Spitzer spectra of high redhsift AGN. SPICA will obviously make a very important contribution in this field.
Implications for SPICA
Recent work has shown how the IRAC color-color diagram and the MIPS 24 to 8 μm color can be used to identify (Lacy et al. 2004; Sajina et al. 2005; Stern at al. 2005; Yan et al. 2004; Brand et al. 2006 ). However, a photometric study of this type is subject to several caveats. Many broad emission-and absorption-line features are known to be present in the mid-IR spectrum of ULIRGs (e.g. Houck et al. 2005; Yan et al. 2005) , and this may affect as function of redshift. For example, at 1.1 ≤ z ≤ 1.7, the 24μm observed emission can be strongly attenuated by the silicate absorption feature at 9.7 μm. It is also possible that an AGN could be heavily embedded in large amounts of cooler dust and could remain undetected in the 8 μm band even though it dominates the bolometric infrared emission. In practice: on one hand, the galaxies, which in Brand et al. (2006) are classified as AGN-dominated, do host an AGN, but it is not necessarily the dominant source powering the infrared emission; on the other hand, objects that are known to be dominated by AGN in the mid-IR, like NGC1068, do not present the color that is considered typical for AGN-dominated sources in the Brand et al. (2006) study. Obtaining mid-IR spectroscopy of complete unbiased mid-IR selected samples of infrared sources will be important in putting more constraints on the AGN contribution to the total infrared SPICA joint European/Japanese Workshop 04001-p.4 emission and in characterization of that population. This will be one of the prime tasks for SPICA.
AGN-dominated sources
The examples shown above (plus many others not mentioned here) provide all the necessary ingredients (e.g. template spectra covering a wide range of galaxy properties and sub-classes, calibrated mid-IR diagnostic tools with proper zero points, etc.) for planning and interpreting SPICA observations of the dusty, high redshift universe at the peak epoch of cosmic star formation and black hole evolution.
